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DNA MOLECULES AND CELLS TRANSFECTED THEREWITH 



FIELD OF THE INVENTION 

The present invention relates to cDNA molecules encoded by T cell receptor 
5 (TCR) genes and to antisense DNA molecules of said cDNAs and their use in the 
modulation of mesenchymal cell growth and cell functions. It further relates to the novel 
proteins, or peptides encoded-by these transcripts, and uses thereof. 

DESCRIPTION OF THETtELATED ART 

10 MHC-restricted T cells express heterodimeric surface protein receptors (apTCR) 

co-localized with up to five additional non- variant membrane receptors (Strominger, 1989; 
Abbas et al., 1994; Jameson et al., 1995). This TCR complex specifically binds processed 
peptide antigens associated with MHC molecules. The interactions of TCR with MHC 
bound peptides on various target cells may have consequences both in terms of T cell 

15 proliferation and in activation of effector mechanisms leading to target cell killing, graft 
rejection, and other biological effects. 

MHC class I gene products are widely expressed by various cell types while MHC 
class II molecules are expressed constitutively or are inducible in fewer, yet rather diverse 
cell types, such as dendritic cells, B lymphocytes, macrophages and vascular endothelial 

20 cells. By contrast, the T cell receptor complex is thought to be expressed solely by T cells, 
which further possess complicated signaling cascades as well as specific enzymes engaged 
in TCR gene rearrangement: Thus, recognition of MHC presented peptides seems to be a 
highly specific T cell function. 

Functional TCR a and P chain genes, which are capable of being expressed as 

25 polypeptides, are normally present only in cells of the T lymphocyte lineage. These 
functional TCR genes are formed by somatic rearrangement of germline gene segments. 
Each TCR locus consists of variable (V), joining (J), and constant (C) region genes, and 
the P chain locus contains diversity (D) gene segments. In mice there are 20 to 30 VP gene 
segments that are located 5 f of the two clusters of C and J segments. There is a single Cot 

30 gene associated with a large 5' cluster of up to 50 different J segments and about 75 Va 
segments. There is a large region of intervening DNA between Va and Ja exons, which 
includes the entire TCR d chain locus. During maturation of T cells in the thymus, the 
TCR segments are rearranged in a defined order, resulting in the formation of functional 
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TCRa and P genes in which V, D, J and C segments are in close proximity to each other. 

The p chain locus rearranges prior to the a locus. The primary transcripts contain 
noncoding intronic sequences between the VDJ and C genes, which are later spliced out. 
The functional T cell receptor is comprised of 2 polypeptides: the a chain is a 40 to 60 kD 
acidic glycoprotein, and the P chain is a 40 to 50 kD uncharged or basic glycoprotein. The 
V and C regions of a and P chains form intrachain disulfide bond loops, which might 
contribute to the formation of a tertiary structure and are presented on the cell membrane'. 
The C region contains the transmembrane domain and a short cytoplasmic tail thought to 
be too small to have intrinsic signal transducing properties. 

T cells (Qian et al., 1993; Yoshikai et al., 1984) as well as B cells (Caiman and 
Peterlin, 1986) express a series of incomplete transcripts of TCRa and P, that vary in size 
and structure. These transcripts may be out of frame or their sequence may contains many 
stop codons. In some cases mRNAs encoding the constant region flanked by an upstream 
spliced J segment were identified. In one case such a transcript of human TCRp, which 
contains an in-frame codon for methionine has been reported (Fagioli et al., 1991). 
However, no evidence for the existence of a protein encoded by these transcripts in T cells 
has been documented. TCR transcripts have also been reported in cell lineages other than T 
or B lymphocytes. Thus, TCRa mRNA was identified in murine kidney (Madrenas et al., 
1992; Madrenas et al., Transplanation Proceedings 23: 837, 1991; Madrenas et al., 1994). 
A recent study identified in ephithelial tumor cells a partial TCRy chain mRNA, lacking 
the V region. This mRNA encodes a 7 kDa protein, TARP, which is translated form a 
alternate reading frame and is therefore not homologous to the TCRy protein (Essand et al., 
1999; Wolfgang et al., 2000). No evidence for TCRab or TCR5 transcripts or proteins was 
found in this study. It is therefore generally accepted that TCRp transcripts are not found 
outside of the lymphocyte lineage and that TCR protein expressed at the cell surface is a 
specific T cell trait. 

Mesenchymal cells play a central role in embryogenesis by directing 
organogenesis. In the adult organism, tissue remodeling, such as that occurring in wound 
healing, are initiated by mesenchymal fibroblasts. The study of regulation hemopoiesis 
demonstrated that blood cell formation is locally regulated by stromal mesenchyme 
(Zipori, 1989; Zipori et al., 1989; Zipori, 1990; Weintraub et al., 1996). Indeed, bone 
marrow-derived primary stroma as well as a variety of mesenchymal cells lines derived 
from primary bone marrow cultures exhibit an in vitro capacity to support hemopoiesis 




and, upon transplantation, promote the formation of bone and hemopoietically active 
tissue in vivo at the site of transplantation. The molecules that mediate the instructive 
stromal activities have been shown to be a variety of cytokines and adhesion molecules. 
However, the molecules identified thus far cannot account for the wide spectrum of 
5 stromal cell functions and certainly do not explain stroma organization, stem cell renewal 
and other vital stromal functions. 

Citation of any__document herein is not intended . as an admission . that such 
document is pertinent prior art, or considered material to the patentability of any claim of 
"the present application. Any statement as to content or a date of any document is based on 
10 the information available to the applicant at the time of filing and does not constitute an 
admission as to the correctness of such a statement. 

SUMMARY OF THE INVENTION 

15 The present invention relates to new mRNAs transcripts and encoded proteins, 

which are short versions of a and P chains of the T cell receptor (TCR) as detailed herein 

below, and to uses of these molecules. 

The present invention relates, in one aspect, to a cDNA molecule encoded by a T 

cell receptor (TCR) gene, said cDNA molecule lacking V region sequences and 
20 comprising a constant (C) domain and a joining (J) region sequences, and a 5' intronic J 

sequence upstream said J region sequence including an in-frame methionine codon. 

The novel polynucleotide sequences disclosed herein and the corresponding 

proteins, polypeptides or peptides encoded by these polynucleotide sequences may be 

derived from any mammalian species including human genetic material. 
25 In one embodiment of the invention, the cDNA molecule is encoded by a mouse 

TCRP gene. The joining (J) gene sequence may be selected from, but is not limited to, 

Jp2.1 and J02.6. 

According to this embodiment of the invention, the joining (J) gene sequence may 
be JP2.1 and said 5' intronic J sequence including an in-frame methionine codon codes for 
30 a peptide of the sequence MENVSNPGSCIEEGEERGRILGSPFLas 
depicted in Fig. 4. In an alternative, the joining (J) gene sequence is JP2.6 and said 5' 
intronic J sequence including an in-frame methionine codon codes for a peptide of the 
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sequence MGEYLAEPRGFVCGVEPLCas depicted in Fig. 4. The cDNA 
molecule in a preferred embodiment has the nucleotide sequence depicted in Fig. 1 . 

In another embodiment of the invention, the cDNA molecule is encoded by a 
TCRa gene. In this case, the joining (J) gene sequences are selected from, but not limited 
to, JaTA31, JctTA46, JctNew05, JaS58, JaNew06, JaNew08, JaLB2A, JaDKl, and 
JaTA39. 

According to this embodiment of the invention,- the cDNA molecule having a 5' 
intronic J sequence including an in-frame methionine codon is selected from the group 
consisting of: 

(i) the intronic JctTA3 1 gene sequence coding for the peptide: 
M A WH 

(ii) the intronic JccTA46 gene sequence coding for the peptide: 
ME AGWE VQHW VS DMECLTV 

(iii) the intronic JaTA46 gene sequence coding for the peptide: 
MECLTV 

(iv) the intronic JaNew05 gene sequence coding for the peptide: 
MTV 

(v) ' the intronic JaS5 8 gene sequence coding for the peptide: 

MCGSEEVFVVES A 

(vi) the intronic JaNew06 gene sequence coding for the peptide: 
MACYQMYFTGRKVDEPSELGSGL 
ELSYFHTGGSSQAVGLFIENMIST 
SHGHFQEMQFSIWSFTVLQISAPG 
SHLVPETERAEGPGVFVEHDI 

(vii) the intronic JaNew06 gene sequence coding for the peptide: 
M YFTGRK VDEP S ELGSGLELS YFH 
TGGSSQAVGLFIENMISTSHGHFQE 
MQFSIWS FTVLQISAPGSHLVPETE 
RAEGPG VF VEHDI 

(viii) the intronic JaNew06 gene sequence coding for the peptide: 
M I S T S H G H FQEMQFSI WSFTVLQIS 
APGSHLVPETERAEGPGVFVEHDI 

(ix) the intronic JaNew06 gene sequence coding for the peptide: 




MQ FSI WSFTVLQIS APGSH 
LVPETERAEGPGVFVEHDI 
(x) the intronic JocNew08 gene sequence coding for the peptide: 
MWWGLILSASVKFLQRKEILC 
5 (xi) the intronic JotLB2A gene sequence coding for the peptide: 

MVGADLCKGGWHCV 
- - (xii) the intronic JaDKl gene sequence coding for the peptide :- 
MREP VKNLQGL VS 

(xiii) the intronic JaTA39 gene sequence coding for the peptide: 
10 MEVYELRVTLMETGRERSHFVKTSL; and 

(xiv) the intronic JaTA39 gene sequence coding for the peptide: 
METGRERSHFVKTSL. 



According to an alternative and more preferred embodiment, the novel intronic 
15 sequences and their corresponding peptides may be derived from human genetic material. 
Any known sequences, such as the joining segment of human jp 2.3 gene, are explicitly 
excluded from the claimed novel sequences. 

According to this embodiment of the invention, the cDNA molecule having a 5' 
intronic J sequence including an in-frame methionine codon is selected from the group 
20 consisting of: 



1) the intronic J(32.3 gene sequence coding for the peptide: 

MGLSAVGRTRAESGTAERAAPVFVLGLQAV 

2) the intronic Ja2 gene sequence coding for the peptide 
25 M 

3) the intronic Ja3 gene sequence coding for the pep tide: 

MLLWDPSGFQQISIKKVISKTLPT 

4) the intronic Jcc6 gene sequence coding for the peptide: 

MLPNTMGQLVEGGHMKQVLSKAVLTV 
30 5) the intronic Joc6 gene sequence coding for the peptide: 

MGQLVECKjHMKQVLSKAVLTV 
6) the intronic Ja6 gene sequence coding for the peptide: 
MKQ VLSKA VLTV 
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7) the intronic Ja8 gene sequence coding for the peptide: 

MSEC 

8) the intronic Ja9 gene sequence coding for the peptide: 

MAHFVAVQITV - 

9) the intronic Jal 1 gene sequence coding for the peptide: 

MGICYS 

TO)"" the intronic Jal 3 gene sequence coding for the peptide: ~~ 
MKRAGEGKSFCKGRH YS V 

1 1) the intronic Jal 4 gene sequence coding for the peptide: 

MLTTLIYYQGNSVIFVRQHSA 

12) the intronic Ja24 gene sequence coding for the peptide: 

MQLPHFVARLFPHEQFVFIQQLSSLGKPFCRGVCHSV 

13) the intronic Ja25 gene sequence coding for the peptide: 

M 

14) the intronic Ja3 1 gene sequence coding for the peptide: 

MGFSKGRKCC G 

15) the intronic Ja36 gene sequence coding for the peptide: 

MKKI WLSRKVFL YWAETL 

16) the intronic Ja40 gene sequence coding for the peptide: 

MGKVHVMPLLFMESKAASINGNIMLVYVETHNTV 

17) the intronic Ja40 gene sequence coding for the peptide: 

M P L L F M ESKAASINGNIMLVYVETHNTV 

1 8) the intronic Ja40 gene sequence coding for the peptide: 

MESKAASINGNIMLVYVETHNTV 

1 9) the intronic Ja40 gene sequence coding for the peptide: 

MLVYVETHNTV 

20) the intronic Ja41 gene sequence coding for the peptide: 

MEEGSFIYTIKGP W M THSLCDCCVIGFQTLALIGIIGE 
GTWWLLQGVFCLGRTHC 

21) the intronic Ja41 gene sequence coding for the peptide: 

mthslcd"ccvigfqtlaligiigegtwwllqgvfclg 

RTHC 

22) the intronic Ja44gene sequence coding for the peptide: 

6 




MESQATGFCYEASHSV 

In another aspect, the invention relates to antisense DNA molecules of any of the 
cDNA molecules of the invention described above. 
5 The invention further relates to expression vectors comprising the cDNA and 

antisense molecules of the invention, and to host cells, particularly mammalian cells, 
-- comprising - said vectors.- In. .one preferred embodiment the -host cells are transfected 
mesenchymal human cells. 

The cDNA of the invehfion c 
10 inducing mesenchymal cell growth. Thus the invention relates to compositions comprising 
said transfected mesenchymal human cells for use in disorders requiring induction of 
mesenchymal cell growth, such as wound healing. 

The invention further relates to a method for inducing mesenchymal cell growth 
comprising the step of administering to a subject in need thereof autologous transfected 
1 5 mesenchymal human cells comprising a cDNA molecule according to the invention, in an 
amount effective to induce mesenchymal cell growth. This method is preferably applicable 
for enhanced wound healing. 

The antisense DNA molecules of the invention can be used to transfect 
mesenchymal human cells for inhibiting or suppressing mesenchymal cell growth. Thus 
20 the invention relates to compositions comprising said transfected mesenchymal human 
cells for use in disorders requiring inhibition or suppression of mesenchymal cell growth, 
such as in carcinomas. 

The invention further relates to a method for suppressing mesenchymal cell growth 
comprising the step of administering to a subject in need thereof autologous transfected 
25 mesenchymal human cells comprising an antisense DNA molecule of the invention, in an 
amount effective to suppress mesenchymal cell growth, such as for suppression of 
carcinomas. 

The invention further relates to a polypeptide encoded by a DNA molecule of the 
invention. In one embodiment, said polypeptide is a protein capable of being expressed on 
30 the cell surface or intracellularly, and is encoded by the nucleotide sequence depicted in 
Fig. 1, more preferably, the protein of the amino acid sequence depicted in Fig. 1 . 

The invention still further relates to a synthetic peptide deduced from an intronic J 
sequence of a TCR. 
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Examples of such peptides derived from non-human animals include but are not 

limited to: 

*> 

(a) MENVSNPGSCIEEGEERGRILGSPFL 

(b) MGEYLAEPRGFVCGVEPLC 

(c) M A W H 

(d) MEAGWEVQHWVSDMECLTV 

-- (e) ME C LTV . . .. . . 

(f) M T V 

"(g) MC G S E E V FTTE'S A ; " 

(h) MACYQMYFTGRKVDEPSELGSGL 
ELSYFHTGGSSQAVGLFIENMIST 
SHGHFQEMQFSIWSFTVLQISAPG 
SHLVPETERAEGPGVFVEHDI 

(i) MYFTGRKVDEPSELGSGLELSYFH 
TGGSSQAVGLFIENMISTSHGHFQE 
MQFSIWS FTVLQISAPGSHLVPETE 
RAEGPGVFVEHDI 

(j)MISTSHGHFQEMQFSIWSFTVLQIS 

APGSHLVPETERAEGPGVFVEHDI 
(k)MQFSIWSFTVLQISAPGSH 

LVPETERAEGPGVFVEHDI 
(l)MWWGLILSASVKFLQRKEILC 
(m) MVGADLCKGGWHCV 
(n)MREPVKNLQGLVS 

(o)MEVYELRVTLMETGRERSHFVKTSL; and 
(p)METGRERSHFVKTSL. 

Examples of useful peptides according to the present invention derived from 
human sources include but are not limited to: 

i) MGLSAVGRTRAESGTAERAAPVFVLGLQAV 

ii) MLLWDPSGFQQISIKKVISKTLPT 

iii) MLPNTMGQLVEGGHMKQVLSKAVLTV 

iv) MGQLVEGGHMKQVLSKAVLTV 
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v) MKQVLSKAVLTV 

vi) M S E C 

vii) MAHFVAVQITV 

viii) MGICYS 

ix) MKRAGEGKSFCKGRHYSV 

x) MLTTLIYYQGNSVIFVRQHSA 

xi) M QLPHFVARLFPHEQFVFIQQLSSLGKPFGRGVCHS 
V 

xii) M G F S" K G R K C C G " 

xiii) MKKIWLSRKVFLYWAETL 

xiv) MGKVHVMPLLFMESKAASINGNIMLVYVETHNTV 

xv) MPLLFMESKA ASINGNIMLV YVETHNTV 

xvi) MESKAASINGNIMLVYVETHNTV 

xvii) MLVYVETHNTV 

xviii) MEEGSFIYTIKGPWMTHSLCDCCVIGFQTLALIGI 
IGEGT W WLLQG VFCLGRTHC 

xix) MTHSLCDCCVIGFQTLALIGIIGEGTWWLLQGVFC 
LGRTHC 

xx) MESQATGFCYEASHSV 

In still a further aspect, the invention relates to an antibody raised against a peptide 
as defined above, particularly against said peptide (b). These antibodies are useful as 
markers of mesenchymal cells, for example for diagnostic purposes and for prognosis of 
cancer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts the nucleotide sequence of the J mt J-CP2 mRNA transcript of the 

stromal/mesenchymal cell line, MBA- 13, and the deduced amino acid sequence encoded 
thereby. The cDNA products were obtained from reverse transcription (RT)-PCR analysis 
using TCR primers and sequenced. 

Figs. 2A-2F show flow cytometric analysis of J mt J-CP2 expression by 
mesenchymal cells. Mouse embryonic fetal fibroblast (2E) and different MBA- 13 cell 




strains (1-3; 2A-2C, respectively) were stained with preimmunized (black histogram) or 
immunized (green histogram) purified antibodies from rabbit serum. The rabbits were 
immunized to intronic Jp2.6 peptide (b) of the sequence MGEYLAEP RG F V C G 
V E P L C. As a second antibody, we used Fab FITC conjugated donkey anti-rabbit IgG. 
5 Staining with second antibody only gave an histogram shown in blue color. Cells stained 
with rabbit polyclonal antibodies to irrelevant peptide 1121 of the sequence 
RGGGGGRGGLHD, similarly produced and purified, served as negative control (brown - 
histogram). Competition of antibody binding was performed by pre-incubation of the 
purified immune serum with the specific immunizing intronic-jp2.6 peptide (b), for 30 
10 min at room temperature (2D, red histogram). Competition with irrelevant peptide 1121 
served as negative control (data not shown). The results of a single experiment, out of 3 
performed, are shown. 

Fig. 3 shows RT-PCR analysis of the novel TCRCP2 cDNA including an in-frame 
15 intronic J sequence designated P nt J-CP2, obtained from MBA- 13 mesenchymal cell line 

and fetal primary cell cultures. The cDNA was obtained from RNA extracted from mouse 
embryonic fetal fibroblast and different MBA- 13 cell strains (1-3). RT-PCR was 
performed using the following sense pairs: 

exonic JP2.6: 5 ' -CTATGAAC AGTACTTCGGTC-3 ' ; or 
20 intronic JP2.6: 5 ' - ATGGGAGAATACCTCGCTG-3 ' ; or 

5 -CCCTAAATGGGAGAATACC; and 
antisense primer Cp3: 5 f -CATCCTATCATCAGGGGGTTCTGTCTGCAA-3\ 
Products of 465 bp and 524 bp were produced, respectively. 

25 Fig. 4 depicts sequences of all possible versions of TCRap containing an intronic 

'5 end including an in-frame Met codon as collected from available data bases: the intronic 
JP sequences JP2.1 and JP2.6, and the intronic Joe sequences JaTA31, JccTA46, JccNew05, 
JaS58, JaNew06, JaNew08, JaLB2A, JaDKl and JaTA39. 

30 Fig. 5 shows determination of generation time of different clones of MBA- 13 cell 

line. Eight individual clones were studied by PCR for expression of M-TCR (TCRp J - 

J2..6Q. Out of those, four were found to be negative (M-TCR* clones E4, C6, Gl, B7) and 
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four were found to be positive (M-TCR + clones C4, D10, BIO, Bl). Cells were seeded for 
different concentrations (10 3 , 5xl0 3 and 10 4 /ml) and cell growth was determined after 44 - 
46 hours. The population's generation time was calculated. 

5 Figs. 6A-6C show RT-PCR analysis of TCR expression in different cell lines and 

primary cell cultures. cDNA was obtained from RNA extracted from different cell types, 
as described in -the Materials and Methods section hereinafter, and RT-PCR was 
performed using the following primer pairs: Cpi and CP2 primers for TCRCP2 produced 
a 410 bp product (Fig. 6A); Cccl and Tm or Cccl and Cot2 for TCRCa produced a 356 bp 
10 or 138 bp product, respectively (Figs. 6B and 6C). 

Figs. 7A-7D show mRNA expression of TCRCp (7A-7B) , TCRCa (7C) and 
CD3s7 ) D) mRNA transcripts. Poly A+ mRNA, from mesenchymal (MBA- 13, AC-6, 
NIH3T3, fetal cell culture), epithelial (1C8) and endothelial-adipocyte (14F1.1) cell lines, 

15 was Northern blotted as described in the Materials and Methods section hereinafter, and 
probed with the following probes: TCRCp , TCRCa and CD3s. For the TCRCp chain, 
thymus RNA exhibited 1.3 kb (full-length) and 1.0 kb (truncated) transcripts, while the 
mesenchymal MBA-13, AC-6 and fetal cells exhibited a 1.1 kb transcript (Figs. 7A and 
7B). For the TCRCa chain, thymus RNA and non-T cell lines exhibited a 1.6 kb 

20 transcript (Fig. 7C). For the CD3s chain, thymus RNA exhibited a 1.5 kb transcript, while 
non-T cells showed a transcript whose size was slightly larger (Fig. 7D). Hybridization 
signals for TCRCp were quantitated by densitometric scanning, and the signal value of 
MBA-13 was 60 fold less than thymocytes. 

25 Figure 8. shows flow cytometric analysis of CD3s, TCRaP and TCRy8 antigens 

expression by MBA-13 cells. MBA-13 cells were stained with FITC-conjugated TCRaP, 
CD3e and with PE-conjugated TCRy5 (line). For intracellular staining, cells were fixed 
and stained with FITC-conjugated TCRap using the Cytoperm kit. In all experiments, 
cells stained with isotype-matched FITC-conjugated rat anti-mouse IgG were also 

30 prepared as negative controls (full line). The results of a single experiment are shown. 
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Figure 9, human TCR J2.3-Cp. transcript was cloned from cDNA of cord blood 
mononuclear cells and amniotic fluid cells.. The cloned transcripts were sequenced and 
were found to be identical. The lines above the sequence indicate the boundaries of each 
segment. The predicted protein product is shown bellow the sequence. Bold font indicates 
an A to G transition that was found in both clones. 

- Figure 10. Expression-of GFP-TCR J2.3-Cp in 293T transfected cells. Western 
blot analysis. Each lane was loaded with lysate of 5xl0 5 cells, GFP-TCR J2.3-CP. was 
detected with Anti-GFP monoclonal antibody JL-8 Clontech (Palo Alto, CA). 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to new mRNA transcripts and proteins encoded by 
these transcripts which are short versions of a and P TCR as detailed hereinabove in the 
Summary of the Invention section, and to uses of these molecules. 

While studying the interactions of stromal cell lines with thymic T cells, we used 
reverse transcription polymerase chain reaction (RT-PCR) to amplify TCR gene 
fragments. Unexpectedly, the MBA- 13 mesenchymal stromal cell line, derived from 
mouse bone marrow, was found to consistently express TCRp constant (CP) region, while 
cDNA from a negative control tissue, i.e. liver, and from several control cell lines such as 
pre-B cells, plasmacytoma and mastocytoma cells, did not produce PCR products using 
primers from the TCR gene. 

Further studies with a variety of stromal cell lines, in accordance with the present 
invention, showed the existence of TCR gene derived mRNAs that encode short versions 
of the gene consisting of the constant (C) domain, which is identical to that of T cell 
receptor, a joining (J) region, which may be one of several alternatives, and a 5* domain 
consisting of a nucleotide sequence corresponding to an intronic J sequence (again one of 
several alternatives) including an in-frame codon for methionine. This mRNA lacks V 
region sequences. One of such molecules, namely a new version of a TCRP2.6, is shown 
herein to exist in mesenchymal cells and to encode a cell surface mesenchymal protein. 
Expression on the mRNA level has also been observed in the thymus. 

12 




According to the present invention, the uncloned stromal/mesenchymal mouse 
MBA- 13 cell line was subdivided into substrains that either express or do not express the 

int 

molecule of interest, i.e. the J -J02.6-C protein and mRNA, on the mRNA and antigenic 
protein levels. We therefore single cell cloned MBA- 13 cells and obtained 8 different 
5 clonal populations by standard procedures. Out of these, 4 expressed the J -JP2.6-C 
protein (M-TCR + clones C4, D10, BIO, Bl) and 4 were negative (M-TCR" clones E4, C6, 
Gl, B7). Fig. 5 "shows that" all "the cells positive" for J ,nt -jp2;6-C had a population 
generation time (doubling time) of 15 hrs or less, which is considered very fast for 
mesenchymal cells. On the other hand, although the negative clones showed variable 

10 results, all grew much slower and 2 clones had a very slow growth rate with doubling time 
between 36-38 hrs. It is therefore implied that the expression of the gene of interest 
correlates with fast growth rate and that lack of expression results in retarded growth. 
These results are supported by preliminary data indicating that antibodies to TCRp 
constant region interfere with the growth of mesenchymal cells. 

15 Thus, the expression or lack of expression of the mesenchymal TCR seems to 

control mesenchymal cell growth. The invention is therefore related to the use of the 
cDNA and antisense molecules of the invention derived from mesenchymal TCR mRNAs 
for expression in cells and tissues for the purpose of modulating stromal/mesenchymal cell 
growth and thereby their related tissue functions. For this purpose, the cDNA or antisense 

20 molecule is inserted in appropriate vectors such as, but not limited to, the retroviral vectors 
DCA/ and DCMw that are been used in clinical trials in gene therapy (Bordignon et al., 
1995). Preferably, the vector containing the cDNA or the antisense molecule, under the 
control of a suitable promoter such as that cDNA own promoter, will be used to infect or 
transfect suitable mammalian, preferably human, most preferably the patient's autologous 

25 mesenchymal cells. The thus obtained genetically-modified mesenchymal cells are then 
administered to a patient in need thereof by an appropriate route and are expressed in the 
desired site or tissue. 

In one embodiment, for the treatment of wounds, local application of the cells 
containing the cDNA molecule can be used to induce mesenchymal cell growth thus 
30 enhancing the wound healing process. In another embodiment, mesenchymal cells of the 
tumor can be transfeeted with the antisense cDNA and then be used for treatment of 
localized solid tumors, to achieve regression of the tumor mesenchyme and subsequent 
regression of the tumor. 
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The proteins encoded by the mRNAs of the invention are cell surface receptors of 
mesenchymal cells and may probably interact with ligands presented by neighboring 
hemopoietic or non-hemopoietic cells. Thus, in bound or soluble form, these proteins or 
the peptides derived therefrom, may have modulatory effects on cells that bear said 
5 ligands. 

The proteins and peptides of the invention may be used as immunogens for 

production of antibodies that may be used, as markers of mesenchymal cells. ... _ 

Thus the invention relates also to antibodies, particularly to" polyclonal antibodies 
to the profeins"and"pepfides"of "the inventidn"as"weiras proteolytic fragments thereof such 
10 as the Fab or F(ab')2 fragments. These polyclonal antibodies are heterogeneous 
populations of antibody molecules derived from the sera of animals immunized with said 
protein or peptide antigen. 

The following are certain currently most preferred embodiments of human 
sequences according to the present invention. In these embodiments, the methionine 
1 5 initiating the open reading frame is shown in bold italics, the amino acids that are 

translated from an intronic sequence upstream to J segments are shown in italics and the J 
segments are shown in bold, three dots denote the beginning of the CI segments. 



Homo sapiens beta gene segment 

20 

Jp2.3 (bases 198551 to 198627) 

Met G L S A VGRTRAESG T A ERAAP V F V L G LQA FSTDTQYFGPG 
TRLTVLEDLKNVFPPEVAVFEPSEAEISHTQKATLVCLAT 
GFYPDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSR 
25 YCLSSRLRVSATFWQNPRNHFRCQVQFYGLSENDEWTQD 
RAKPVTQIVSAEAWGRADCGFTSESYQQGVLSATILYEILL 
GKATLYAVLVSALVL Met A Met VKRKDSRG Stop 



30 Homo sapiens alpha gene segment 
Jct2 (bases 84269 to 84334) 

L L F K Stop Stop VGPVSLCNGVTYG Met NTGGTIDKLTFGKGT 
35 HVFIIS... 



Jo3 (83376. To 83437)- 

40 L Q G I E A A Met Stop REAHRPGENLGSTLTGCFQ Stop SLHFLSSK 
Met T I T T S Stop Stop Y E I Met A R Met Stop K V I N K Stop Stop LF Stop N 1 1 1 1 1 
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IIEALLILRFTLS Stop RERRIASLGNKRCKQQRPKEPFR Met L 
L WDPSGFQQISIKKVISKTLPTVGVQ QC FQDNLWIRDQTQ 
HP A... 

5 Ja6(79270 to 79331) 

QLQEKRHIKFPLLSVLAALSEAPCI Stop LKSSRARPSECLPQ 
ASRVWCLYWGAGSRHGELLPCFSADGKVVFSPGYTGAKE 
L.SS.P QPLAPAP.GLQ H.S GALRT A.V G DJF-L..Q L R E Y.S.G.G F . P R Met 
10 LPNTMetGQL V E G G H Met K Q VLSKA VL T V C I R RK L H T Y I W K R 
NQP YCSS - -•• -- - - - 

Ja8(76346 to 76405) 

15 SIHGHHSCKKHV Stop L T N S Stop V W Met V K L P Stop VLSRTETL 
Stop L Y Stop Stop L F Stop LEY Stop Stop HF YITQGIQSRIFS WVLSDL 
LSSSNGLRKIKVK Stop Stop D Stop Met PPTTLVHACRHRNTLSN 
Stop LACDLAILA Met A Q Stop Q G P I L Y R V Met S E CE H RLSETCI 
WNWHPTSGQS... 

20 

Ja9(75756 to 75816) 

Q Y N Stop S T R A Stop L L C E L Stop R N A G Stop RHFAHRTLALRDSLK 
25 ISSSPLFIFPIRKLRPREVG Stop I V Stop GQCELGLGLEPGDPGP 
GAIFCDCCLVN Stop T S D R Stop E V Stop V Met L I N R K N K Stop V L Q G 
EYKNVLLITSTLV Stop A P Stop T C S P A V V Stop K W K E K E Met A HF 
V A Fg/rFGNTGGFKTIFGAGTRLFVKA... 



B2 

Jal 1(72705 to 72765) 

35 VNSGYSTLTFGKGTMLLVSP 

E H C Y Stop S S D V W F Stop QKNPNIAVIPL Stop KEQGRGFFSESSS 
Stop DLSILCQSVLWIQDTYIFVSSAGPTCSASDHLSLICK Met 
R 1 1 F K L Met A Q L K P K Stop G S G I Y A D Y Stop SIWLINEGFLSFSLC 
RSWVEIPNTANHFC Met GIC YS VNSGYSTLTFGKGTMLLVS 

40 P... 

Jal3(71282 to 71342) 

D Stop K I L E S Stop S Stop RKRQKVWLSTSSSSDLA Stop L V N L G H S 
I F I Y K Met KTFNITSDFLF Stop FCGYIIGVYIYFKDKLIYVKVF 
45 CKFLNAIHSEN4ICL Stop NKKNYVRFRILLT Stop E F V G S Stop 

Stop NSHLHVICSPRHW Stop KALSLLLKYSGSNATQ Met KRA G 
EG KS F C KG RH YS FNSGGYQKVTFGIGTKLQVIP... 
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F 

Jal4(70532 to 70583) 

SYS Met LLKKF Stop LIEERKII YKD Met SNLLNSGK Met RL C T G V , 
D S Stop V K Met GVRAAILWLVKQDYLVKLCKSPRKK Stop V S E 
5 LSREYHLDCSQAFHYIYCTT Met V P Stop KEAFSGLIPWLSLY 
SSIKKGESSQS S H E G D S C Met L TTLIYYQGNS VIFVRQHSAVI 
YSTFIFGSGTRLS VKP... 

Ja24(60203 to 60265) 

10 — - - 

KTSSYLNDRATVVISCHLSSAEDWV Stop P Stop-V N A Stop A G G F 
LSLQHLKRTPRLH Stop PQQSGFLPLPPGRCSSWHTPSLVS 
StopK KRN Stop K R KG E KL I S H I Met Q LP HFV'A RL F P HE Q FVFYQ 
QLSS LG KP FC RGVC HSVTT I) GKLQ? G AGT QWWTY ... 

15 

Ja25(59046 to 59105) 

QKDKASPLSLGRGQGCLSSQ 

AQAGGRKL Stop GVFAEPRNTVGIT Met VRILSLVPEPDCPCC 
PVSTVKWR Stop K Met SPVLDVGRSC R V LRPGVHRDLRSGDG 
20 E E G Stop KRNEKQNHKDNTEEGFIFGKENHKAV Stop L T L E E 

Met HSFGGSLLRRALCRGKLSC Stop V F D A E 1 1 T Met Q K D K A S P 
LSLGRGQGCLSSQ... 

Ja31(51207 to 51263) 

25 

ELGWLCSWKISLWV Stop ECTVPSNLCV Stop G Stop AHTYDSKS 
C Stop QIRFSFGSF Met P R N A K E F Stop K L I S L A F LKETLFALCCR 
ANFSSYHKRPETQRKQKKKRKKKKTQGESNCPLTTVLCV 
W Stop G F T Met G F S K G R K C C GN N N ARL Met FGDGTQLVVKP... 

30 

Ja36(45351 to 45411) 

KLGAVSLTCNLSILEG Stop G R R I T Stop GQEFKTTLGNTVRPP 
SLQKINK Stop NFFKNSQAW Stop HAPVILATEEVEAGGSLVPR 
35 R S R L Q Stop AKNTPLHSSLDNKVRSCL Stop K Y I F K N I K Stop I S 

Stop R R R K E Met KKI WL SR K VFL Y WA E TL C Q T G A N N L F F G T G T 
RLT VIP ... 

Ja40(39930 to 39990) 

40 

N Y K I Met SWVCLCGS Stop T G S R G E S Stop Met EYFRGFNSHLDA 
Stop VLICSLNQTL Stop LIN Met HKDS Met RLKNFCKLGPNRSSE 
DFLYELRYNPK Stop ITCRKIRGQGLS Met GKVH V Met P L L F Met 
E S KA A S IN GN I Met L V Y V E T H N T VT TSGTYKYIFGTGTRLKV 
45 LA... 

B3 

Ja41(37899 to 37961) 

50 



16 



Q L L S L Stop YLPPTFTLEPHRIVSVHAPGCSQSRPARRSAGHR 
KTPDFITCHRAPSLRWQISILITHITVGSGDLVSNGL Met EEG 
SF I.YT I KG P WMetT HS L CDCCVIGFQTLALIGIIGEGTWWLLQ 
G VFCL GiJMCGTQIPGMHSTSAKAPRCWSHP... 



Ja44(35064 to 35126) 

10--LGPI-THQV Stop QEGFIKIKPRNRK D K EFNSQC L-Q-S-Stop T Stop Q 
LLSLNHLVSTP Stop PTEVKEGNQQV Met L V K Stop VSGQSQLPS 
Stop ELILWSLGKGNASVRAHPGCPSGRDHGESSE Stop G S E H 
" QMei E~S Q A'T GF ~C YE ASH S'VN T'GT A STCE T F GT G T R L QTTI ... "" 

15 

Having now generally described the invention, the same will be more readily 
understood through reference to the following example, which is provided by way of 
illustration and is not intended to be limiting of the present invention. 

20 EXAMPLES 
MATERIALS AND METHODS 



Human Cell culture 

293 T cell line were grown in Dulbecco's modified Eagles medium (DMEM) 
25 supplemented with 10% fetal calf serum FCS) (Beth Haemek, Israel), supplemented with 
20mM L-glutamine, 60(j.g/ml penicillin, 100|ag/ml streptomycin and 50mg/L Kanamycin. 
Amniotic fluid cells were grown in AMF medium (Biological industries, Beit Haemek, 
Israel). 

30 GFP-TCR/2.3-CJ3 Expression Vector 

The cDNA of human TCR J2.3-Cp was amplified from cDNA from Amniotic fluid cells 
and from cord blood mononuclear cells using the sense primer 
5 ' CCGGAATTCC ATGGGGCTCTC AGCGGTGG and antisense primer 5' CGCGGA 
TCCCTAGCCTCTGGAATCCTTTCTC and ligated into EcoRI and BamHI digested and 

35 calf intestinal alkaline phosphatase-treated pEGFPCl (Clontech, Palo Alto, CA). DNA 
sequence analysis of ..the GFP-TCR J2.3- Cpconfirmed the intended reading frame. 
Proceeding from the N to C terminus, the resulting fusion protein consists of GFP a linker 
sequence of 10 amino acids, and TCR J2.3-CP 
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Transfections 

293T cells were plated at 70% confluency in 6 well plates and transfected with 1.6 jig of 
GFP-TCR J2.3- C(3 construct using the calcium phosphate transfection method. 

5 

Western Blot Analysis and Fluorescence Analysis 

- For immunoblot analysis, 24 hrs aftertransfection 5 X 10- -293T cells were-lyzed on ice in 

Tris pH 8 20mM containing 1% Triton, 140mM NaCl, 10% glycerol, ImM EGTA, 1.5 
raM MgCL2, ImM Sodium vanadate. Cell lysates were clarified by centrifugation at 

10 15,000 g for 10 min at 4°.C, and boiled after addition of SDS-sample buffer (5% glycerol, 
2% SDS, 62.5 mM Tris-HCL pH 6.8, 2% 2-mercaptoethanol, 0.01% bromophenol blue). 

Extracts were subjected to 12% SDS-PAGE, blotted and probed with Anti-GFP 
monoclonal antibody JL-8 (Clontech, Palo Alto, CA) and secondary antibody was goat 
anti-mouse-HRP (Sigma). Chemiluminescent signals were generated by incubation with 

15 the ECL reagent. The gels were exposed to X-ray film. 

(a) Cell lines and culture: 

Several cell lines used herein in the examples originated in the inventors' 
laboratory or were obtained from other sources: mesenchymal MBA- 13, MBA- 15, 14F1.1, 
NIH/3T3, AC-6, AC-1 1 and FBMD-1 cells; control C2C12, 1C8, MPC-1 1 and AB-8 cells; 
and MC/9 mastocytoma cells. 

The cell lines were cultured by standard procedures such as in DMEM containing 
10% FCS or with RPMI 1640 (GIBCO) containing 7% FCS, 2 mM 1-glutamine, 5 x 10* 5 
M 2-mercaptoethanol and 1 mM sodium pyruvate (B). Cell lines were cultured in DMEM 
containing 10% FCS and D-9 CM containing IL-3 and IL-4, or cultured in DMEM 
containing 20% FCS. 

(b) Primary cell cultures: 

(i) Bone marrow: Mouse bone marrow cells were obtained from femur and tibia of 
30 1-2 week old female C57BL/6 mice. Bone marrow cells were removed aseptically by 
flushing culture medium through the marrow cavity using a 1ml syringe fitted with a 27- 
gauge needle. 1 x 10 7 cells/ml were seeded in DMEM with 20% FCS (Bio Lab, Israel) 
and cultured for 4-5 days at 37°C and 5% CO2 atmosphere. The plates were washed and 
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covered with fresh culture medium. After 3 weeks, a monolayer was formed. The cells 
were passaged monthly at a split ratio of 1:10 using 0.5% trypsin (Sigma, St Louis, MO) 
containing 0.02% EDTA. 

(ii) Fetal fibroblast: Mouse embryo were chopped in PBS solution and treated with 
0.5% trypsin and 0.02% EDTA at 37°C for 15 minutes. The supernatant was collected 
and treated again with trypsin for 30 minutes. The cell suspension obtained was then 
washed a few times, resuspended krDMEM-containing 10% FGS to a final concentration 
of 10 cells/ml, and cultured for 4-5 days at 37°C and 5% CO2 atmosphere. When a 
fibroblast monolayer was formed, it was trypsinized for 5 minutes, and the cells were 
washed and resuspended as indicated before. This cell suspension (2x10^ cells/ml) was 
cultured again for 4-5 days and then collected. 

(iii) Thymus and liver cells were obtained from Balb/c mice, 6-10 weeks old. 

(c) Proliferation Assay: 

Stromal cells were seeded at 1 x 10 5 cells/ml on a 96-well round-bottom microplate 
(Falcon, CA) for 48 hours at 37°C in a humidified atmosphere of 10% C0 2 in air. The 
subconfluent cultures were supplemented with the relevant antibodies and incubated for an 
additional 48 hours. The cells were then pulsed with 1 mCi/well of [ 3 H] -thymidine 
(Nuclear Research Center, Negev, Israel). After 24 hours, the cells were harvested, and 
the incorporation of tritiated thymidine was determined. Briefly, the supernatants were 
aspirated, the cell monolayer was washed repeatedly with PBS to remove excess 
thymidine and extracted with 0.1N NaOH 0.2 ml/well. A volume of 0.1 ml of the cell 
extract was added to 3 ml scintillation liquid/vial (Quicksafe, A. Zinsser, Germany) and 
the radioactivity was counted in a liquid scintillation analyzer (1600TR, Packard, CT). 
[ H]-thymidine incorporation reflecting the DNA synthesis was expressed as the 
stimulation index and was calculated as the ratio of the mean of the experimental samples 
to the mean cpm of the control sample. Untreated cells or cells treated with irrelevant 
antibody served as control. 

(d) Antibodies: 

The following, jnonoclonal antibodies (mAbs) were used in the experiments: 
fluorescein isothiocyanate (FITC)-mAb anti~CD3e (clone 145-2C11); low azide no 
endotoxin or FITC-conjugated hamster anti-mouse TCRP (clone H57-597); phycoerythrin 
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(PE)-conjugated hamster anti-mouse TCRy5) GL-3). All antibodies were purchased 
from PharMingen, San Diego, CA. Goat anti-human IgM (Kalestab, Denmark), FITC- 
conjugated goat anti-mouse (Sigma, Israel) and mouse anti-rat IgG (Jackson 
Immunoresearch Labs, West Grove, PA) served as control antibodies. Hybridoma 
5 supernatants of anti-TCRp (clone H57-597) and anti-CD3e (clone 145-2C11) were used 
for activity assays. FITC-conjugated goat anti-hamster IgG was purchased from Jackson 
Iihifiunoresearch Labs. Ant i -rabbi t FITC Fab fragments" was used as a second antibody to 
detect staining with rabbit polyclonal anti-peptide 1121 and anti-jp2.6 peptide (b) 
antibodies. 

10 

(e) Flow Cytometry: 

Cells were washed with PBS without Ca +2 and Mg +2 containing 0.02% sodium 
azide and incubated for 30 minutes at 4°C with FITC-conjugated anti-mouse CD3e) 
clone 145-2C11) or FITC-conjugated TCRp (clone H57-597) or anti-jp2.6 peptide (b) 

15 antibodies. As second antibody for anti-J[}2.6 peptide (b) antibody, FITC-conjugated 
donkey anti-rabbit IgG was used (Jackson Immunoresearch Labs). For intracellular 
staining, cells were fixed and stained with TCRp using the Cytoperm kit (Serotec, UK). 
In all experiments, cells stained with isotype-matched control immunoglobulins were also 
prepared as negative controls for the surface and the intracellular staining. After washing 

20 with PBS, cells were analyzed for fluorescence with a FACScan (Becton Dickinson) with 
logarithmic intensity scales. In most cases, 5 x 10 3 cells were scored using Lysis II 
software (Becton Dickinson). 

(f) Immunofluorescence: 

25 Stromal cells were seeded at 10 5 cells/ml in chamber slides (Labtec slides: Nunc, 

USA) (400 ml/well) and incubated for 24 hours at 37°C in a humidified atmosphere of 
10% C0 2 in air. The slides were washed in PBS (without Mg +2 and Ca +2 ) and were either 
unfixed or fixed in 3.7% paraformaldehyde in PBS for 20 minutes and permeabilized with 
0.5% Triton X-100 in fixing solution for 2 minutes. The cells were washed with PBS for 5 

30 minutes and blocked with normal sheep serum for 45 minutes and then stained with the 
relevant antibodies for~30 minutes. After incubation, the cells were washed with PBS, 
stained with the fluorescent second antibody for 30 minutes, washed, embedded in 50% 
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glycerol in PBS and cover slips were mounted and sealed. Fluorescence was examined 
using a Zeiss fluorescence microscope (Zeiss, Oberkochen, Germany). 

(g) RNA Isolation and Northern Blotting: 

Total RNA was extracted by Tri-Reagent (Molecular Research Center, Cincinnati, 
OH). For Northern blotting, poly A+ mRNA was obtained using oligo dT magnetic 
columns (Promega, -Madison, WI). 5-30-jj.g mRNA were Northern blotted and probed 

using standard techniques with probes for the following regions: TCR CP, TCR Coc and 

- - •- • — •-- • ■ • - — - — - - ~~ — . _ . 

CD3e. The probes were labeled with [ P]-dCTP by random priming (Prime-a-Gene, 

Promega, Madison, WI), prehybridized at 42°C in 50% deionized formamide, 2 x 

Denhardt's solution, 0.1% SDS, 5 x SSPE, 100 mg/ml boiled salmon sperm DNA. 

Hybridization was performed at the same conditions with 1 x 10 6 cpm/ml labelled probe. 

Filters were washed twice with 1 x SSC, 0.1% SDS at 42°C for 30 minutes and then 

washed twice with 0.1 x SSC, 0.1% SDS at 55°C for 30 minutes. 

(h) PCR Analysis: 

Total RNAs were reverse transcribed to cDNAs by incubating purified total RNA 
at 37°C for 60 minutes in the presence of MMLV reverse transcriptase. The primer pairs 
used for CD3e were as follows: sense primer, 5'-TGCCCTCTAGACAGTGACG-3' ; and 

antisense primer 5 ' - CTTCCGGTTCCGGTTC GG A-3 ' . The TCR derived primer pairs 
used were as follows: 



CP5 


: 1' 


-ATGTGACTCCACCCAAGGTCTCCTTGTTTG-3'; 


Cp5 


:2' 


- AAGGCT AC CCTC GTGTGCTTGGCC AGGGGC-3 ' ; 


Cp5 


: 3' 


- C ATCCT ATC ATC AGGGGGTTCTGTCTGC AA-3 ' ; 


Cp5 


: 5' 


- CATCCTATC ATC AGGGGGTTCTGTCTGC AA-3' ; 


CP5 


: 6'- 


-TTCAGAGTCAAGGTGTCAACGAGGAAGG-3'; 



Cal: 5'-AAGATCCTCGGTCTCAGGACAGCACC-3' ; 

Ca2: 5 ' - ACTGTGCTGG AC ATG AAAGCTATGG ATTCC -3 ' ; or 

Tm: 5'-GATTTAACCTGCTCATGACG-3' . 

For PCR, thirty cycles of amplification were carried out using the following 
conditions for each cycle: denaturation at 94°C for 5 minutes, annealing at 58°C for 2 
minutes, and extension at 72°C for 2 minutes. 
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(i) Rapid Amplification of 5' and 3' Ends (RACE); 

5' and 3' RACE was performed for the cloning of the TCR C(3 chain of MBA-13 
cells using the Marathon cDNA amplification kit (Clontech; Palo Alto, CA). Adaptor 
5 ligated cDNA was prepared from MBA-13 mRNA according to manufacturers' directions. 
Hotstart-Touchdown PCR was performed as follows: 94°C for 5 minutes (xl cycle), 94°C 
for 1 minute and 74°C for 3 minutes (x5 "cycle's), 94°C for 1 minute and 70°C for"3 
minutes (xl5 cycles), 94°C for 1 minutes and 68°C for 3 minutes (xlO cycles). Specific 
primers were used paired to the adaptor primer of the kit. The RACE products were 
10 cloned into the pGEM-T plasmid (Promega) and transfected into E. coli JM109 cells 
(Promega). DNA was purified and sequenced using an automated DNA sequencer 
(Applied Biosystems 3 73 A, New England Nuclear, Boston, MA). 

(i) Statistics: 

15 Data are presented as the mean ± standard error of the mean. Student's t-test was 

performed to determine significance. 

RESULTS AND DISCUSSION 

Figure 1 shows the nucleotide sequence of a cDNA that was cloned from the 

20 stromal/mesenchymal cell line, MBA-13, that shows a JP2.6 flanked by an intronic J (J int - 
JP2.6-C). 

The J int -J(32.6-C mRNA encodes a putative protein that according to available 
literature (Irving, 1998) should be capable of being expressed on the cell surface. We 
therefore raised polyclonal rabbit antibodies by immunizing against a peptide sequence 

25 deduced from the JP2.6 intronic sequence as follows: NH2-LAEPRGFVCGVE-COOH, 
the peptide herein designated peptide (b). For this purpose, peptide (b) conjugated to KLH 
was injected into 2 New Zealand rabbits using Complete Freund's Adjuvant for the first 
boost and Incomplete Freund's Adjuvant for additional boosts. Pre-immune serum was 
collected before the first boost and immune sera were collected after the additional boosts. 

30 Reactivity of the serum with the peptide (b) was tested by ELISA. The serum was purified 
on a peptide affinity column (eluted in 0.1M glycine pH 2.5 and dialyzed to PBS). The 
purified anti-peptide (b) antibody was also tested by ELISA. 
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The immunized rabbit serum was processed by isolating the specific antibodies 
using a column of the immunizing peptide (b). These antibodies were then tested for their 
ability to recognize various cell types: MBA- 13 cell strains 1, 2 and 3, mouse embryonic 
fetal fibroblasts and thymus cells as shown in Fig. 2. Whereas thymus cells were not 
stained (Fig. 2F), as judged by FACS analysis, two strains of the MBA- 13 mesenchymal 
cell lines showed prominent cell surface staining by the polyclonal antibodies (Figs. 2A, 
2B). On the other-hand, one strain- of the -MBA-13-cell line was negative. (Fig. 2C). A 

striking finding is that we found correlation between the expression of the ji nt -J(32.6-C 
mRNA (Fig. 3) and the reactivity of the antiserum with the stromal cells. Thus, the two 

cell strains that expressed J int -jp2.6-C mRNA, also reacted with the antibody whereas one 

of the strains that did not show any ji nt -jp2.6-C mRNA, also did not give any signal in 
flow cytometric analysis using the antibodies to the intronic peptide (b) (Fig. 2C, clone 3). 

The specificity of the detection of the antigen by the antiserum was further verified 
using competition assays with the soluble immunizing peptide (b) that reduced the ability 
of the antiserum to stain the cells (Fig. 2D). This strongly supports the conclusion that 

J* nt -Jp2.6-C protein is present on the surface of the MBA- 13 cells. It is noteworthy that 

thymocytes do express ji nt -Jp2.6-C on the mRNA level but are not reactive with the 
antibody (Figs. 2F and 3). This in fact should be expected since most thymocytes express 
productively TCRp and suppression of the expression of other transcripts should occur. 
On the other hand, in mesenchymal cells that lack recombinases, no complete TCRP 

molecules are formed which allow the expression of ji nt -jp2.6-C. 

The above findings were made using a permanent cell line (MBA- 13) derived in 
our laboratory. We further aimed to find out whether primary mesenchymal cells also 

express the ji nt -jp2.6-C mRNA. As shown in Fig. 2E and Fig. 3, primary fibroblasts from 
mouse embryo clearly express the gene on the protein and mRNA levels. 

Data base survey indicated that among the seven Jps known, also JP2.1 can 

theoretically encode a molecule such as ji nt -jp2.6-C. Indeed, PCR analysis using 
appropriate primers detected this mRNA in the MBA- 13 cell line. Among the 47 possible 
Jots, 9 could theoretically have a composition of intronic J with an in-frame methionine 
codon. These sequences are shown in Fig. 4 and include: JctTA31, JaTA46, JaNewOS, 
JaS58, JaNew06, JaNew08, JaLB2A, JaDKl and JaTA39. Preliminary PCR analysis 
indicates that at least some of these versions of the a chain also exist. In addition there are 
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3 possible Joe molecules initiated by a methionine from within the exonic coding region 
(not shown). 

It is known from the T cell research field that TCRp cannot operate as a functional 
receptor unless coexpressed with pTa. We therefore examined the expression of the latter 
in the mesenchymal cells. Indeed pTa is expressed by the MBA-13 cell line as judged by 

RT-PCR. Thus, these mesenchymal cells seem to express a pTa/ji nt -Jp2.6-C complex 
which is structurally related to a reported TCR complex containing pTa and an 
experimentally truncated TCR (Irving, 1998). The latter complex has been shown to be 
sufficient for intracellular signaling suggesting that the complex in MBA-13 is likely to be 
effective in signal transduction. 

The study of expression of TCR was extended to a variety of stromal cell lines 
derived by the laboratory of the present inventors or obtained from other laboratories, as 
well as to primary stromal cells from the bone marrow and primary mesenchymal cells 
from mouse embryos. Specific stromal cell clones, but not all clones tested, expressed 
TCRp. Similarly, TCRa was consistently found in particular stromal cell clones (e.g., the 
MBA-13 stromal cell line expressed both CP and Ca, whereas the MBA- 15 stromal cell 

line did not express CP but was positive for Ca (Figs. 6A-6C). Similar TCR amplified 
PCR products were observed in cultured primary embryo fibroblasts (Figs. 6A-6C), 
indicating that the expression of TCR was not a bizarre characteristic of in vitro passaged 
stromal cell lines. Rather, TCR gene expression, as judged by PCR amplification, was 
common to primary mesenchymal and in vitro passaged cells of this origin. Indeed, bone 
marrow mesenchymal cells, seeded in vitro and selected by passaging to remove 
contaminating hemopoietic cells, also showed clear TCRocP fragments of the expected 
sizes in PCR analysis. TCR gene expression was not found in B cells, mast cells or liver 
cells (Figs. 6A-6B). 

As shown in Figs. 7A-7B, TCRccP mRNA was detected in the MBA-13 stromal 
cell line and also in primary fetal and bone marrow fibroblast cultures. The sizes of the 
TCRa transcript corresponded to that found in thymic T cells, whereas the size of the 
mRNA detected by the TCRp probe was about 1.1 kb as compared to 1.0 kb and 1.3 kb 
detected in the thymus. Of significance is that this shorter mRNA version was 
consistently found in different stromal cell lines, as well as in primary mesenchymal cells. 
A 1.0 kb mRNA species has been reported in bone marrow-derived immature precursor T 
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cells. The relationship between the mesenchymal 1.1 kb mRNA species and that found in 
early bone marrow thymocytes remains to be examined. 

The above data thus demonstrate that cells of mesenchymal origin do express TCR 
receptor complex on the mRNA level, in addition to expression of TCRaP mRNA, 
expression of CD3e, which is an essential component of the functional TCR complex, was 
observed (Fig. 7D). Both the size of the PCR amplified product and the mRNA detected 
by Northern blotting deviated slightly from the sizes- detected in control T- cell-derived 
cDNA. Flow cytometric analysis of stromal cells using an antibody to TCRaP constant 
region indicated that 34% of the MBA- 13 cell population was stained at low intensity 
fluorescence (Fig. 8). These stromal cells were negative when probed with antibodies to 
TCRy5. Importantly, no TCRap was observed in cell lines that did not show TCRaP 
mRNA. These data substantiate the above described results using antibodies to the 
intronic sequence of JP2.6 

Having now fully described this invention, it will be appreciated by those skilled in 
the art that the same can be performed within a wide range of equivalent parameters, 
concentrations, and conditions without departing from the spirit and scope of the invention 
and without undue experimentation. 

While this invention has been described in connection with specific embodiments 
thereof, it will be understood that it is capable of further modifications. This application is 
intended to cover any variations, uses, or adaptations of the inventions following, in 
general, the principles of the invention and including such departures from the present 
disclosure as come within known or customary practice within the art to which the 
invention pertains and as may be applied to the essential features hereinbefore set forth as 
follows in the scope of the appended claims. 

All references cited herein, including journal articles or abstracts, published or 
unpublished U.S. or foreign patent applications, issued U.S. or foreign patents, or any 
other references, are entirely incorporated by reference herein, including all data, tables, 
figures, and text presented in the cited references. Additionally, the entire contents of the 
references cited within the references cited herein are also entirely incorporated by 
reference. 

Reference to known method steps, conventional method steps, known methods or 
conventional methods is not in any way an admission that any aspect, description or 
embodiment of the present invention is disclosed, taught or suggested in the relevant art. 
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The foregoing description of the specific embodiments will so fully reveal the 
general nature of the invention that others can, by applying knowledge within the skill of 
the art (including the contents of the references cited herein), readily modify and/or adapt 
for various applications such specific embodiments, without undue experimentation, 
5 without departing from the general concept of the present invention. Therefore, such 
adaptations and modifications are intended to be within the meaning and range of 

equivalents, of. the-disclosed . embodiments, based^on-the-teaching and- guidance presented ... — 

herein. It is to be understood that the phraseology or terminology herein is for the purpose 
of description and nor of limitation, such that the teriniriorogy or phraseology of the" " 

1 0 present specification is to be interpreted by the skilled artisan in light of the teachings and 
guidance presented herein, in combination with the knowledge of one of ordinary skill in 
the art. 
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CLAIMS: 



1 . A cDNA molecule encoded by a T cell receptor (TCR) gene, said cDNA 
molecule lacking V region sequences and comprising a constant (C) domain and a joining 
(J) region sequences, and a 5' intronic J sequence upstream said J region sequence 
including an in-frame methionine codon 

2. - - The cDNA molecule according to claim 1 , encoded by a TCRp gene. 

3. The cDNA molecule according to claim 2, wherein the joining (J) gene 
sequence is selected from 1(32.1 and jp'2.6. 

4. The cDNA molecule according to claim 3, wherein the joining (J) gene 
sequence is J02.1 and said 5' intronic J sequence including an in- frame methionine codon 
codes for a peptide of the sequence MENVSNPGSCIEEGEERGRILGSPF 
L as depicted in Fig. 4. 

5. The cDNA molecule according to claim 3, wherein the joining (J) gene 
sequence is JP2.6 and said 5' intronic J sequence including a methionine codon codes for a 
peptide of the sequence MGEYLAEPRGFVCGVEPLCas depicted in Fig. 4. 

6. The cDNA molecule according to claim 5, having the nucleotide 

sequence depicted in Fig.l. 

7. The cDNA molecule of claim 2 wherein the joining J gene sequence 

is the intronic Jp2.3 gene sequence coding for the peptide: 

MGLSAVGRTRAESGTAERAAPVFVLGLQAV 

8. A cDNA molecule according to claim 1, encoded by a TCRct gene. 

9. The cDNA molecule according to claim 8, wherein the joining (J) gene 
sequence is selected from human or murine Ja genes. 

10. The cDNA molecule according to claim 9, wherein said 5' intronic J 
sequence including a methionine codon is selected from the group consisting of: 

(i) the intronic JaTA31 gene sequence coding for the peptide: 
M A WH 

(ii) the intronic JaTA46 gene sequence coding for the peptide: 
MEAGWEVQHWVS DMECLTV 

(iii) the intronic JaTA46 gene sequence coding for the peptide: 
MECLT V 

(iv) the intronic JaNew05 gene sequence coding for the peptide: 
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MTV 

(v) the intronic JccS58 gene sequence coding for the peptide: 
MCGSEE VFVVES A 

(vi) the intronic JaNew06 gene sequence coding for the peptide: 
M AC YQM YFTGRKVDEPSELGSGL 
ELSYFHTGGSSQAVGLFIENMISTS 

HGHFQEMQFSI WSFT VLQIS APGSH- - - 

L VPETERAEGPG VF VEHDI 

(vii) the intronic JaNew06 gene sequence coding for the peptide: 
MYFTGRKVDEPSELGSGLELSYFHTGG 
SSQAVGLFIEN MISTS 

H G H F Q E MQ FSIWSFTVLQIS APGSH 
L VPETERAEGPG VF VEHDI 

(viii) the intronic JaNew06 gene sequence coding for the peptide: 
MISTSHGHFQE MQ FSIWSFTVLQIS APGSH 
LVPETERAEGPGVFVEHDI 

(ix) the intronic JaNew06 gene sequence coding for the peptide: 
MQ FSIWSFTVLQISAPGSH 
LVPETERAEGPGVFVEHDI 

(x) the intronic JaNew08 gene sequence coding for the peptide: 
MWWGLILSASVKFLQRKEILC 

(xi) the intronic JaLB2A gene sequence coding for the peptide: 
MVGADLCKGGWHCV 

(xii) the intronic JaDKl gene sequence coding for the peptide: 
MREPVKNLQGL VS 

(xiii) the intronic JaTA39 gene sequence coding for the peptide: 
MEVYELRVTLMETGRERSHFVKTSL; and 

(xiv) the intronic JaTA39 gene sequence coding for the peptide: 
METGRERSHFVKTSL. 

11. The cDNA molecule according to claim 8, wherein said 5' intronic J sequence 
including a methionine codon is selected from the group consisting of: 
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(i) the intronic Jcc3 gene sequence coding for the peptide: 
MLL WDP S GFQQISIKK VI S KTLPT 

(ii) the intronic Jcc6 gene sequence coding for the peptide: 
MXPNTMGQL VEGGHMKQ V LSKA-VLT V 

5 (iii) the intronic Joc6 gene sequence coding for the peptide: 

MGQLVEGGHMKQVLSKAVLTV 

(iv) the intronic Ja6 gene sequence'coding for the peptide: ---- 
MKQ VLSKAVLTV 

(v) the intronic Ja8 gene sequence coding for the peptide: 
10 MSEC 

(vi) the intronic Ja9 gene sequence coding for the peptide: 
MAHFVAVQITV 

(vii) the intronic Jal 1 gene sequence coding for the peptide: 
MGIC YS 

15 (viii) the intronic Jal 3 gene sequence coding for the peptide: 

MKRAGEGKSFCKGRHYSV 

(ix) the intronic Jal 4 gene sequence coding for the peptide: 
MLTTLIYYQGNSVIFVRQHSA 

(x) the intronic Ja24 gene sequence coding for the peptide: 

20 MQLPHFVARLFPHEQFVFIQQLSSLGKPFCRGVCHSV 

(xi) the intronic Ja3 1 gene sequence coding for the peptide: 
MGFSKGRKCCG 

(xii) the intronic Ja36 gene sequence coding for the peptide: 
MKKIWLSRKVFLYWAETL 

25 (xiii) the intronic Ja40 gene sequence coding for the peptide: 

MGKVHVMPLLFMESKAASINGNIMLVYVETHNTV 

(xiv) the intronic Ja40 gene sequence coding for the peptide: 
MPLLFMESKAASINGNIMLVYVETHNTV 

(xv) the intronic Ja40 gene sequence coding for the peptide: 
30 MESKAASINGNIMLV YVETHNTV 

(xvi) the intronic Ja40 gene sequence coding for the peptide: 
MLV YVETHNTV 
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(xvii) the intronic Jct41 gene sequence coding for the peptide: 
MEEGSFIYTIKGPWMTHSLCDCCVIGFQTLALIGIIGE 
GTWWLLQGVFCLGRTHC 

(xviii) the intronic Joc41 gene sequence coding for the peptide: 
MTHSLCDCCVIGFQTLALIGIIGEGTWWLLQGVFCLG 
RTHC 

(xix) - the intronic Joc44gene sequence coding for the peptide: — 
MESQATGFCYEASHSV 



12. An antisense DNA molecule of any of the cDNA molecules of claims 1-1 L 

1 3 . An expression vector comprising a DNA molecule according to any one of 
claims 1 to 1 1 . 

14. A host cell comprising a vector according to claim 13, wherein the host is a 
mammalian cell 

15. Transfected mesenchymal human cells according to claim 14. 

16. A method for inducing mesenchymal cell growth comprising the step of 
administering to a subject in need thereof autologous transfected mesenchymal human 
cells comprising a cDNA molecule according to any of claims 1 to 11, in an amount 
effective to induce mesenchymal cell growth. 

17. A method according to claim 16 for wound healing. 

18. A method for suppressing mesenchymal cell growth comprising the step of 
administering to a subject in need thereof autologous transfected mesenchymal human 
cells comprising a DNA molecule according to claim 12, in an amount effective to 
suppress mesenchymal cell growth. 

19. A method according to claim 16 for suppression of carcinomas. 

20. A polypeptide encoded by a DNA molecule according to any one of claims 

1 to 11. 

21. A protein capable of being expressed on the cell surface or intracellularly 
encoded by the nucleotide sequence depicted in Fig. 1 . 

22. A protein according to claim 19, having the amino acid sequence depicted 
in Fig. 1. 

23. A synthetic peptide deduced from an intronic J sequence of a TCR. 
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24. The synthetic peptide according to claim 23 selected from the group 
consisting of: 

(a) MENVSNPGSCIEEGEERGRILGSPFL 

(b) MGEYLAEP RG FVCGVEPLC 
5 (c) M A W H 

(d)MEAGWEVQHWVSDMECLTV 

- -(e) -M-E G L T V — • - - - 

(f) M T V 
" " " (g) M C G SE E V F WES A 
10 (h)MACYQMYFTGRKVDEPSELGSGL 

ELSYFHTGGSSQAVGLFIENMISTS 
HGHFQEMQFSI WSFTVLQIS APGSH 
LVPETERAEGPGVFVEHDI 
(i)MYFTGRKVDEPSELGSGL 
15 ELSYFHTGGSSQAVGLFIENMISTS 

HGHFQEMQFSIWSFTVLQISAPGSH 
LVPETERAEGPGVFVEHDI 
(j)MISTSHGHFQEMQFSIWSFTVLQIS 
APGSHLVPETERAEGPGVFVEHDI 
20 (k)MQFSIWSFTVLQIS 

APGSHLVPETERAEGPGVFVEHDI 
(l)MWWGLILSASVKFLQRKEILC 
(m) MVGADLCKGGWHCV 
(n)MREPVKNLQGLVS 
25 (o)MEVYELRVTLMETGRERSHFVKTSL; and 

(p)METGRERSHFVKTSL. 



25. The synthetic peptide according to claim 23 selected from the group consisting 

of: 

30 i)MGLSAVGRTRAESGTAERAAPVFVLGLQAV; 

ii) MLLWDPSGFQQISIK K V I S K T L P T; 

iii) MLPNTMGQLVEGGHMKQVLSKAVLTV; 

iv) MGQLVEGGHMKQVLSKAVLTV; 

v) MKQVLSKAVLTV; 
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vi) M S E C; 

vii) MAHFVAVQITV; 

viii) M G I C Y S; 

ix) MKRAGEGKSFCKGRHYSV; 

5 x)MLTTLIYYQGNSVIFVRQHSA; 

xi) MQLPHFVARLFPHEQFVFIQQLSSLGKPFCRGVCHS 

xii) MGFSKGRKCCG; 

" ~ " ~ xiii) M KKIWL S RK V FX Y WAETL; " 

10 xiv) MGKVHVMPLLFMESKAASINGNIMLVYVETHNTV; 

xv) MPLLFMESKAASINGNIMLVYVETHNTV; 

xvi) MESKAASINGNIMLVYVETHNTV; 

xvii) MLVYVETHNTV; 

xviii) MEEGSFIYTIKGPWMTHSLCDCCVIGFQTLALIGI 
15 IGEGT W WLLQG VFCLGRTHC; 

xix) MTHSLCDCCVIGFQTLALIGIIGEGTWWLLQGVFC 
L G R T H C; and 

xx) MESQATGFCYEASHSV. 



20 26. An antibody raised against a peptide according to one of claims 23 -25. 

27. The antibody according to claim 26 raised against a peptide in claim 24. 

28. The antibody according to claim 26 raised against a peptide in claim 25. 

29. Use of an antibody according to claim 26 -28 as a marker of mesenchymal 

cells. 

25 30. Use of a polynucleotide or peptide sequence essentially as shown in the 

specification. 
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YEDA 20014)44 



. i Intron 5* to Jp2.6 : 

1 MGBY. LAE P "*R G F V*C G V S P L 18 

1 TTCCCTAAATGGGAGAATACCTCGCTGAACCCCGCGGGTTTGTGTC 60 

If II Cp2 ^ 

19 C SYBQT-FG PGTR LTVLEDLR 38 

61 TGTG CTC CT AIGAACAGTACTTC GGTC CC GGC ACCAGGCTCAC GGTTTTAGAGGATC T GA 120 

39 HVTPPKVSLFEPSKAEIANK 58 

121 GAAATGTG^CTCCACCCAAGGTCTCCTTGTTT^ 180 

59 ~Q K A * L~V~ C IT~~A~ R"~G F F P D H V E™Ii S~ "78 

181 AACAAAAGGtTACCCTCGTGTGCTTGGCCAGGGGCTTCTTCCCTGACCACGTC 240 

79 " w W V* N " G " "iT E V "H S" G V "S 3? D P Q" "A" "T 1C 98"" 

241 GCTGGTGGGTGAATGGCAAGGAGGTCCACAGTGGGGTCAGCACGGACCCTCAGGCCTACA 300 

99 ESNYSXCLSSRIiRVSATFWH 118 

3 01 AGGAGAGCAATTAI1AGCTACTGCCTGAGCAGCCGCCTGAGGGTCTCTGCTACCTTCTGGC 360 

119 NPR NHFRCQVQFH GLSEEDK 138 

3 61 AC AAT C CTC GAAAC CACTTC C GCTGCCAAGTGCAGTTC CAITGGGCTTTCAGAGGAGGACA 42 0 

139 WPEGSPKPVTQNI SAEAWGR 158 

421 AGTGGCCAGAGGGCTCACCCAAACCTGTCACACAGAACATCAGTGCAGAGGCCTGGGGCC 480 

159 ADCGITSASYHQGVLSATIL 178 

4 81 GAGCAGACTGTGGAATCACTTCAGCATCCTATCATCAGGGGGTTCTGTCTGCAACCATCC 540 

179 YEILLGKATLYAVLVSGLVL 198 

541 TCTATGAGATCCTACTGGGGAAGGCCACCCTATATGCTGTGCTGGTCAGTGGCCTGGTGC 600 

199 MAMVKKKNS * 208 

601 TGATGGCCATGGTCAAGAAAAAAAATTCCTGAGACAAACTTTTATGCATCCTGAGCCGTT 660 

661 CTTCACCCTGGCCATAGATTTTCCTGCACCTTCTCTA 72 0 

7 21 TCTTCTTCCTCCATGGATATCCATCCTTCCTCGTTGACACCTTGACTCTGAAA 773 



FIGURE 1 
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Sequences of mtronic Jft sequences conta ining Met: 

{Green = nomenclature; M = Met; Blue = J(5 exon; = continuation of C(12) 

J02.1 KGSREVEPPFSPYHVNHQQS IRTC MGN Y ELIKKH 
Stop VEK Stop TLCGKEVTSPFSLEATWTPTGSLQISNSLCQ 
T L S E 

Stop MDIRSQAKSGISSSI Stop DRPHARSRLPYQFWR Stop M 
EN V S NPGSCIEEGEERGRILGSPFLL CN YAEQFFGPGT 
RLTVL 

Jp2.6 ELLGNCSGEFWGFWRLYPEFPSRALEREAE Stop Q G 
D FP Stop M GEY LA EPRGF VCG VEPLCS YEQYFGPGTRLTV 

Sequences of intronic Ja sequences containing Met: 

JaTA3 1 VSKKKKKKKS VTIL Stop NSEPAEGAINSSLLGS 
L D P G Stop NVLEHCTGLLPSPKDDP Stop CQDRSSFLWGGG 
QWIFA VI VFCLAHS PRLW Stop PETS P Q S T T Q E QR V K G Stop 
LN 

Stop GERDIGHVRTRRNFTQKKNCHLGRC Stop SVSMAEVT 
PPPCPRLVS Q LRHGH Stop QKGGFLSSLKT NLA ES HLP S S 
PNEPVVSVDALGSVRRV FA VAEGSRLTRRARWGRTYRG 
WTEASPCLHSS C A A Stop S S C G F Stop T G GR G G W G R G A I P K 
AVACFGICSGLLCLPPWERTHLASRRLDVAGQEDTGVG 
GNSFRGEGERGGRTVVEGVTGGSMSRM Stop S E Stop VKFK 
KLEIKNKKQGRGLQKVYRAGTVDFVMAWHTVANYGNE 

K 

ITFGAGTKLTIKP 

JaTA46 StopVFLPGRWEPKStopEVDRDISNPPCKPLV Stop 

L P T V D T V Stop T I Stop RTLSHIDEGSDVVHT Stop EDSRDLSL 
VTVSDCMPI V VHS RVQQTKDRDIKIRWTLS StopPHLCNQ 
MIFTGSLANGCVA Stop SLTISPLLSPWLSFGSLSLT Stop N L 
KStop 

SIYStopIIRFLGCITHKKMTSRHININPEERGQRALSQT 
CSELNLTTPCFNQLAS AYDQLRQRATDRKWS S RHHLTR 
A L Stop P H Q R Stop YFRVQESFPQAGWLERGHGS ALRQAME 
AGWEVQHWVSDMECLTVVTGSGGKLTLGAGTRLQVN 
L 

JaNew05 Stop V K D Stop G Y P KTK Stop VCGFA VLCSFGGCMS 
LPPRSLCITLMGLC Stop LMKSGHSKDLDEEVIIITAFFHY 
Stop L R I Stop R S A S top R S top F I N V R L M F V L R S top Y S top K P N N S K 
IRLS 

S V T Stop THIHTHSHTHILTHWHNHTHTHTESQSHTHTHS 
HTSTITHTLTQPHTHSLSLSLSLSLSLSLSLSLSLPRQ 
CNCIWFPSRNGCCV C LT Stop DM QS Y Q L V S WLGFC Y C Stop 
FS VKTLPVKEAWCYQPStopSCHYSNHIYTStopPFYYFIS 
LKLAQLIRIQCWGNKT S G F Stop S S S E Stop L H S QL L V L R G 
CSKPSQTLGTKAARRKASTRGEDDVAFLGLPLGPSCLL 
VI VRPQMTVNSGGS N A K LT F G K G T KL S YK S 

JaS58 W V Stop R F H V T A V A L C S F Stop T S L L H L F Stop L E T L 

GFRLS FLFKKQSL StopS KStop QDLLCLLSFHI VTKAGRIC 



FIGURE 4 
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SKLGLRLLAKVEWM Stop V Stop LVYRKERFVLLFF Stop P Stop 
StopYS 

KVKATT V ASKVLQAWS VLQGETWGNWLTFHGKTGML 
FV 

VGLLLLLLSSLSL S LKET Stop Y NT FStop LS GFEStopLGI Q 
MCITCSWQGSRAVVLNLPNVVAPSPPKTIKLFCCYFIA 
V T L L L L Stop I G M Stop I S Y M Q L I Stop YATPVKGSLNPQRRS 
ALQDESRCCRGRWSTVSNVRGAIELGRNTMPTFEEKKN 
SSLGLEQD Stop PLFLVSPLPLEKKPFICNGLSRLMSF 
Stop M RFH V LT Stop Stop D S LG R R S L LPL Q V Stop Stop V FStop D 

Stop VGNVNCTAKIRRAGINS QPLLMLS L Stop NRN QIRML . . 

S S V C V H T P P R A S Stop F D Stop C Q Stop LI QIFRHLS EQTSLG 
S L C L N Stop L S RYLHNCQIC FT L C C I D S A Stop Stop KQMRLC 

F P R S F S P R R S S LP PS K Stop HLFTQREDVQR VT-Stop L I A A - - 

ASLHLYDSLPWKRLKHFIRLISStopTD Stop Q P N Stop E E R N 
RFStop ASFLWLQFQATHLEHLVRHLRNTGARRE V VSLCG 
LVFLSCTENFTQEEESK Stop V E N Stop QPGIHMYTKQS Stop 
ASALSGSTVWFPHSPTPAPFISNTYIILFSFSFEFLSA 

MPSHNPSTYHCLSNPRMDGSGTGRVLFSGPSAEPLKKC 
R L Y P S S Stop VATRRLGR G Q DEEKPQESGTASLW Stop Y I R 
LNLLSGLKCFSFHLEPMCGSEEVFVVESATVADRLCKC 
ADIWIWHKSHSMST 

JaNew06 KCVFSCSLGLEQYCSLHPQIFSRRIQCLALQTL 
P V Stop PLKGSYSFF Stop K Stop HRRIPFNVANCGGD Stop T A Q 
GPNLCSSLL Stop GQLCLLSHR Stop TSESGGLFPSLAFPVD 
EVVL 

STNFIVKDTHDRQLLPYFSLNKFFLC Stop Stop L Stop Q H I S 
ANEFLVIQINS S VTStopT VAS YPII QNS LTHHS A A AHCA 
SSNPDLHASS N'KAKRMACYQMYFTGRKVDEPSELGSG 
L 

ELSYFHTGGSSQAVGLFIENMISTSHGHFQEMQFSIWS 
FTVLQISAPGSHLVPETERAEGPGVFVEHDITVSSNTN 
KVVFGTGTRLQVLP 

JaNew08 Stop VMFHFLMF Stop N S L P L S Stop RCSECRVGKL 
HMLGHGGQHSCTGYSTAQPDTTSPTTGETAPTLPPDTK 
IFLI VY LI Stop RAKGKIKKL CPE SILKS PRPSPPYPH Stop SP 

AD C K 

F N V I F G S Y Stop K Stop Stop GFLCLMTPTVSLPSFIKGLLFC 
VWPLLAS WFCPHAPLCLFQG WAGDNSFKSHFD VTDNR 
D 

KVLAKCNTAHGVFSRHTTSQLFSSVQKHGHSYLMSAIY 

SDTAKCSFKAGTRDFLWDLFLRLTMGWAFSGSSEMPS 

W 

IPALPMEILWSG Stop TAKPDMFLLYRLLQGLEIRTLREN 
K S F G Stop MGRLLDGSIRKRND Stop Q E E R P KK N T G Q A L G 
W 

GG VGMSRKMVT VGIQEAGSLS Stop EGKQGFL Stop LK"V PS 
QLSNLNQQGHLPFPS DFPVH V G MP LPP T M V C Stop E V G R 
G 

I D Q E Y V Stop H S Stop GPLFKH ET PESVRGAKSLGPRREMQ 
QSNSSQQVWRST E"Q DPVLALCLTPLASPDHTAHPSSFS 
StopPQES KVITDREP.EI PStopPGQ VQKGWS"GA QGWFLKTL 
W IS I Stop F L I Y N KF Stop L S Stop VIRKMFLL Stop TIPVKGK 
DNIYRGPLLRCQFPPWASM WWGLILS AS VKFLQRKEIL 

CLPGTGSNRLTFGKGTKFSLIP 
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JaLB2A Stop V I VT HP L C Stop IPPTRSIFALSSL Stop L G S L S 
NWS VT PCPYLLSRYKWSKQIL G FH Stop HSETDNCVLDI 
LQKEGFQSKGS HYFY StopLTHKEA GD N WK VPGEYLGFQ 
KADMAQCMH-S StopKI P StopLT FIE YLL Y A C VN A P CT L S H J- 
RGStop W 

LWGRFYPTFKGKVEI VTKWLRENGGPS StopTS SRPGCPH 
CGLSQPGSC Stop GLYRMK Stop PVVLVTTSSVLSQ Stop P 
Stop CL Stop EQGVR Stop DS LCFLD SDTLKQNGECVHEQFHS 

- G S-M-V-N G-Q Stop T NXKR SSLW L E S Stop PFSTPLS-SLPTF LS 

SWTFISGKPLHRCLCStop Stop R S Q I K N Stop E RJL S PGHTKN 
L R R Stop LFFQYLKNSCVDNGRG Stop HQRQNQKQ Stop M K R 

PSFSGMLLNGAVGGQAPL Stop SLESALQGLHSGSSGLR 
W 
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